We analyse the determinants of ICT investment and the impact of information technology on productivity and efficiency on a representative sample of small and medium sized Italian firms. In order to test the most relevant theoretical predictions from the ICT literature we evaluate the impact of investment in software, hardware and telecommunications of these firms on a series of intermediate variables and on productivity. Among intermediate variables we consider the demand for skilled workers, the introduction of new products and processes and the rate of capacity utilisation. Among productivity measures we include total factor productivity, the productivity of labour, and the distance from the "best practice" by using a stochastic frontier approach. Our results show that the effect of ICT investment on firm efficiency can be more clearly detected at firm level data by decomposing it into software and telecommunications investment. We find that telecommunications investment positively affects the creation of new products and processes, while software investment increases the demand for skilled workers, average labour productivity and proximity to the optimal production frontier. We interpret these results by arguing that ICT investment modifies the trade-off between scale and scope economies. While software investment increases the scale of firm operations, telecommunications investment creates a "flexibility option" easing the switch from a Fordist to a flexible network productive model in which products and processes are more frequently adapted to satisfy consumers' taste for variety.
Introduction
The relationship between information and communication technology (from now on also ICT) 1 and productivity has long been debated over the past three decades. In the 1980s and in the early 1990s, empirical research generally did not find relevant productivity improvements associated with ICT investment (Strassmann, 1990; Lovemann, 1988; Bender, 1986; Franke, 1987; Roach, 1989) .
Various rationales have been suggested to explain this paradox such as the limit of using simple bivariate correlations between aggregate productivity and aggregate ICT capital stock (LehrLicthemberg, 1999) , the potential negative effect of augmented variety on productivity (Barua et al., 1991) , the delayed effect of ICT investment on productivity gains and its dependence on network externalities and on changes in the complementary infrastructure (David, 1990 ).
More recently, as new data were made available and new methodologies were applied, empirical investigations have found evidence that ICT is associated with improvements in productivity, in intermediate measures and in economic growth (Oliner and Sichel, 1994; LehrLicthemberg, 1999; Sichel, 1997; Brynjolfsson and Hitt, 1996) .
A first direction for improving this last vintage of empirical approaches is a disaggregation of the impact of ICT into the contributions of components with different effects and characteristics (such as software, hardware and telecommunications). A second direction is the implementation of the estimating approach usually based on two-stage estimation procedures (production function and then, separately, an estimation in which the dependent variable is the residual from the first equation) which inconsistently assume the independence of the inefficiency effects in the two estimation stages and are likely to be inefficient.
The paper follows these two directions showing that microfounded estimates of efficiency at firm level confirm the result of a positive and significant impact of ICT investment on productive 1 Information Technology is defined by the US Bureau of Economic Analysis as: "Office, computing and accounting machinery". As many researchers do we add to it communication equipment, software and related services.
efficiency found by the most recent literature. The paper also shows that it is possible to understand better the impact of ICT investment by decomposing it into software and telecommunications.
Software investment has scale effects by increasing labour productivity, the demand for high skilled workers and the overall firm productive efficiency for a given amount of inputs.
Telecommunications investment has scope effects by positively affecting the creation of new processes or products. The combination of these two effects, increases productive efficiency and utilisation capacity.
In the theoretical section of the paper these results are explained in the framework of the real option theory. We argue that changes in products and processes induced by ICT investment, reduce lags between knowledge of highly variable consumer tastes and final production. 2 These changes generate a flexibility option which, at any instant in time, gives the opportunity to delay the decision to invest in additional capacity, on the one side, and makes the decision to modify products and processes more likely, on the other side, thereby generating the observed effects on productivity and capacity utilisation.
The paper is divided into five sections. The second section presents descriptive empirical evidence on the intensity of investment in hardware, software and telecommunications in a representative sample of more than 4,000 Italian firms between 1995 and 1997 showing how ICT investment is affected by industry, geographical and qualitative firm characteristics. The third section outlines the four hypotheses to be tested. The fourth section analyses the effects of ICT investment on several intermediate variables such as capacity utilisation, new product/process introduction and hiring rates of high skilled workers at firm level. The fifth section presents several estimates which evaluate the association between ICT investment and the distance from the "efficient frontier."
2 To find significant examples which support this hypothesis see analyses of the effects of the creation of call centers (Aksin-Harker, 1999) , of the introduction of CAD/CAM (Computer Aided Design and Computer Aided Manufacture) Milgrom-Roberts, 1988) , and ERP (Enterprise Resource Planning) (Clausen-Koch, 1999; Wright-Burns, 1997) . All these changes in the organisation of the productive process and customer relationship are induced by ICT investment.
Descriptive empirical findings on ICT investment intensity in Italy
We evaluate the intensity of ICT investment and its impact of various productivity measures using the Mediocredito Survey. The Survey includes a sample of more than 4,000 firms drawn from the whole set of Italian manufacturing firms. The sample is stratified according to industry, geographical and dimensional distribution of Italian firms for firms from 11 to 500 employees. It is by census for firms with more than 500 employees. For a subsample of 4,404 firms both qualitative and quantitative data (balance sheets for the 1995-1997 period) are collected. 3 Qualitative data provide, among other things, information about internationalisation, R&D investment, and successful introduction of products and processes.
Descriptive features of this sample illustrate some important characteristics of ICT investment in Italy (Table 1) . The average ICT cumulative investment per employee in the sample period is 7 million liras. Per capita ICT investment is on average: i) more than a half lower in firms located in the South; ii) much higher in firms located in the North-East; iii) substantially higher for small firms and (as expected) for firms in the Specialised industries according to the Pavitt classification (mechanical equipment and mechanical materials).
By disaggregating ICT investment into hardware, software and telecommunications components we find that: i) software and hardware investment per employee in North-East (in the South) is almost double (half) as much as the national average; ii) software and hardware investment intensity is also 3 All balance sheet data in the Mediocredito database are accurately checked. Balance sheet data come from CERVED which has the official information from the Italian Chambers of Commerce and is currently the most authoritative and reliable source of information on Italian companies. Qualitative data from questionnaire are based on responses from a representative appointed by the firm collecting information from the relevant firm division. The questionnaire has a system of controls based on "long inconsistencies", namely inconsistencies between answers to questions placed at a certain distance in the questionnaire (i. e. responses use of government subsidies (export subsidies) are matched with responses on the exact composition of the flow of funds available for investment -internal finance, debt finance, grants, soft loans. -(on the share of exported net sales). In case of inconsistent information the firm is subject to a second phone interview. Firms which do not provide reliable information after being recontacted are excluded from the sample. A supplementary list of 8000 firms is built for each of the three year surveys in order to avoid that exclusions, generated by nonresponses or inaccuracies in questionnaire responses, alter the sample design. Substitutions follow the criteria of consistency between the sample size and the population of the Universe.
relatively higher in Specialised industries and in R&D investing firms. The pattern of telecommunications investment is quite different. Intensity is higher in larger firms and in firms affiliated to groups and its geographical distribution is not so different across macroareas.
Four hypotheses on the impact of ICT investment: theoretical rationales and empirical tests
To investigate the effects of ICT investment we disaggregate it into different components and test their impact on productivity at firm level. The survey of the existing literature and the theoretical analysis lead us to formulate 4 hypotheses which we briefly explain and test in the following sections of the paper.
Hypothesis 1: investment in software increases the demand for skilled labour
This hypothesis has been already put forth by Roach (1991) , Berndt et al. (1992) and Stiroh (1998) which argue that, even though ICT may substitute for labour, it also increases white collar productivity and hiring rates.
This proposition is the obvious outcome of cost minimisation under the assumption that an increase in the stock of ICT capital raises more the marginal productivity of skilled vis-à-vis that of unskilled labour. In this case, if the market for skilled labour is competitive, or if skilled labour wage is not too upward sloping in the number of skilled workers hired, only an increase in the number of skilled workers may restore the equilibrium condition which states that the ratio of wages between two factors must equal the ratio between their marginal productivities. Descriptive evidence does not contradict our hypothesis as software investing firms have an average yearly hiring rate of 0.6 per cent against a 0.3 per cent of the rest of the sample.
In testing econometrically our hypothesis, we use a Tobit model and evaluate the significance of coefficients with percentile and bias corrected bootstrapping techniques since the dependent variable is clearly nonnormal (Table A1 .1) and left censored,.
4 By estimating our model we empirically find a positive and significant effect of software investment on the demand for high skilled workers 5 which supports our theoretical hypothesis (see Table A1 .2 in the Appendix). This effect is significant net of the relationship that other controls have on the dependent variable (the positive and significant impact of size, export capacity, government subsidies and industrial group affiliation).
Hypothesis 2: investment in telecommunications positively affects the introduction of new products or processes
Previous papers argue that ICT investment has a positive effect on productive variety (BaruaKriebel-Mukhopadhyay, 1991) . We show here that this hypothesis is confirmed but that the increased variety effect must be attributed to telecommunications only and not to software and hardware investment. If telecommunications investment (such as the introduction or implementation of e-commerce, intranet and internet communication and network production) allows the firm to know in real time consumer tastes and to adapt more quickly its productive process to satisfy consumers' taste for variety, the introduction of new processes and products should be positively affected by it. Descriptive evidence strongly supports this hypothesis as 69 percent of telecommunication investing firms declare they have introduced new products against 30 percent of the rest of the sample. Empirical results show that investment in telecommunications for firms affiliated to groups is positively and significantly related to the decision to introduce new products (Table A1 .2). The interesting finding is that the effect is not significant for those firms which invest in telecommunications but are not part of a group. The interpretation is that the scope and flexibility effect of this kind of ICT investment can be achieved only in an integrated network productive system which is typical of industrial groups. Logit results also show that investment in hardware (R&D investment) seem to affect negatively (positively) the dependent variable. The negative impact of hardware may be interpreted by considering that hardware investment is mainly related to an individual and specific production process, entails much more sunk costs and reduces flexibility and opportunities for introducing new processes. When we consider as a dependent variable the introduction of both products and processes the positive impact of telecommunications investment is confirmed. An interesting result is also the different effect on the dependent variable of investment subsidies -negative -and tax allowances -positive -which shows that when government support -as it is in the case of tax allowance -is not related to a specific investment in physical capital (and, often, to the renovation of the existing capital stock) it increases flexibility and capacity of introducing new products or processes. The hypothesis of a positive relationship between capacity utilisation and ICT has been formulated by Barua-Kriebel-Mukhopadhyay (1991) . We find support for it on our data and provide a theoretical rationale by using a simple dynamic programming example.
We may think of an investment in telecommunications as having a B2C (business to consumer) and a B2B (business to business) effect. The first enables producers to know in real time consumer tastes and the demand for differentiated products of the firms (consider for instance the recent development of "call centers" as an emerging marketing tool in which ICT allows to intensify are available upon request . 5 We use the ratio of high skilled (graduated) workers hired to total firm employees as a dependent variable.
contacts between a firm and its consumers). The second allows, through internet and intranet communication, the reduction of production lags and informational asymmetries among subcontractors and component producers at different levels of the chain value (i.e. the creation of "digital auction markets" for specific product chains increases the number of participants, reduces transaction costs and reduces lags between the definition of new product characteristics adapting to changed consumer tastes and its availability to final consumers). In our model this creates for the ICT investing firm the possibility to invest and adapt production in the same period in which consumer tastes are known.
Consider therefore the decision to increase productive capacity to satisfy a potential increase in demand under uncertainty as a real option in a simple dynamic approach. If telecommunications investment, reduces lags between knowledge of current customer tastes and final production, it also has the effect of enlarging the time window in which the firm may adapt its capacity to satisfy market demand. Telecommunications investment therefore creates an option for flexibility transforming the investment in the capacity increase from a "now or never" investment into a decision which can be postponed. In this framework, for certain values of model parameters, the decision to wait is preferred to the decision to "invest now" in additional capacity by ICT firms.
Given the ex post positive probability of the realisation of the negative state of nature, the non ICT firm will find herself with expected lower additional capacity, contrary to the ICT firm which can postpone the investment decision after the observation of the stock.
The following theoretical example may help to explain this point. Consider the case of an entrepreneur which must invest in additional capacity and has not invested in ICT. The entrepreneur knows that in t 1 there will be a taste shock which will affect the demand of the product generated with additional capacity. The model is in two periods.
Additional capacity will therefore yield to him extra revenues generated by the following process: X in t 0 and X(1+g) in t 1 if the shock increases the demand for the product (with prob p) and
the shock reduces the demand for the product (with prob 1-p). The non ICT entrepreneur must decide to invest now because: i) either he has not the technology to know consumer tastes in real time (know in t 1 the realisation of the shock occurred in t 1 ) or ii) because its productive process cannot be adapted in t 1 (extra additional capacity cannot be added) to produce in t 1 . On the contrary, the ICT entrepreneur may delay the investment since the availability of telecommunication technology has the above mentioned B2C (business to consumer) and B2B
(business to business) effects. In our model this creates for the ICT investing firm the possibility to invest and adapt production in t 1 after knowing consumer tastes in the same period.
The value of its investment in extra capacity will be:
The entrepreneur which has invested in information and telecommunications technology may know in real time consumer tastes on its web site and has eliminated lags between changes in productive capacity and final production. Therefore the value of its investment changes into:
6 is the expected value today of the continuation value. The investment in ICT will therefore increase the value of the ICT investing firm by the flexibility option which is equal to
It is obvious then that there will be values of g,d,p such that:
. If this condition holds the ICT entrepreneur will find it optimal to wait in t 0 and the non ICT entrepreneur will find it optimal to invest in additional capacity. As a result, capacity utilisation will be higher for the ICT entrepreneur in t 1 if the negative shock is realised (with probability (1-p)) since, with the negative shock, the additional capacity I is too much to produce just X(1-d). The inequality holds
In choosing whether to postpone the investment the ICT entrepreneur therefore trades off the advantage from investing soon (the present cash flow from the investment in t 0 (X)) with the advantage from waiting and avoiding to invest under the bad state of nature in t 1 and from reducing the expected cost of the investment. Therefore if X>Ir/(1+r), it is convenient to wait only if the investment would give nonpositive returns in case the bad state of nature is realised. It is therefore clear that the value of the option to wait is increasing in the discount rate and -if the value of the project is non positive under the negative shock -in the size of the negative shock, while it is decreasing in the project value.
To check whether the same arguments hold in continuous time and with a slightly more complex stochastic process for returns from the project of investing in additional capacity, consider the following argument developed by following the standard Dixit-Pindick (1994) approach .
Let the return from investing in additional capacity follow the geometric Brownian motion:
where dz is the increment of a Wiener process so that
Remember that Y represents the present value of the investment in additional capacity and therefore the discounted sum of cash flow from the investment at the time the investment itself is taken.
Consider the payoff from investing now:
and the payoff from holding the option to invest in the future
where T is the period in which the firm finally decides to expand its capacity. We are in the continuation region if
. In this region the following no arbitrage condition holds:
On the left hand side we have the appreciation at the normal market return of a sum corresponding to the value of the option. On the right hand side we have the change in value of the option to wait in the same interval. By applying Ito's lemma, taking expectation and simplifying we get the following second order (homogenous-
The differential equation has the usual three boundary conditions:
The first is the obvious consequence of what happens to a geometric Brownian motion when Y=0.
The second is the value matching condition, which implies that the gain from investing net of the opportunity cost is equal to the cost of investing. Finally (A2.3) is the smooth pasting condition requiring that not only levels but also first derivatives of the holding option and the termination payoff match at the optimum.
The trial solution which satisfies (A2. 
. This second order equation gives two roots:
Given the range of values that β 1 can take the following inequality may hold:
takes values which respect this inequality the non ICT firm will invest in additional capacity but the ICT firm will find it optimal to wait. A subsequent fall in the value of the returns from the project will therefore generate the result of a lower capacity utilisation for the ICT firm.
may occur even in the case of a deterministic process similar to the previous one except for σ=0. In this case in fact it is possible to find the time at which the option to increase productive capacity is exercised. We have in fact
. After rearranging first order condition we get:
. It is clear than that if Y is not too higher than I it is better to wait for the ICT firm while it is impossible to do it for the non ICT firm.
Empirical results are consistent with our hypothesis on the effects of telecommunications investment on capacity utilisation. The interesting point is that the effect is positive only when firms are part of a group. This may be interpreted by saying that the crucial factor in generating the flexibility option is the network productive organisation. In the language of our theoretical model the critical factor is not just the capacity of knowing consumer tastes in real time (B2C effect) but decision can be taken after the state of nature in t 1 has been observed. mainly the capacity of a more flexible productive organisation (B2B effect) which reduces lags between knowledge of consumers' taste for variety and the final production of a complex diversified range of products which assemble different components.
Hypothesis 4: investment in software increases the average productivity of labour.
The effect of software investment on average labour productivity is the consequence of hypothesis 1 as new workers are hired, the new software technology increases the marginal productivity of each individual worker and average labour productivity is higher.
7
Given the nonnormal distribution of the dependent variable (Table A 1.3) we evaluate the effect of our set of regressors on two points of the distribution of the dependent variable (conditional mean and conditional median). Empirical results on the determinants of labour productivity seem consistent with our theoretical conclusions. In the estimate with all controls software and telecommunications investments have the expected sign even though the impact of telecommunications is significant only on conditional mean and not on conditional median. On the other hand, hardware investment has no significant impact on the dependent variable.
This last result may seem puzzling at first sight. Software and hardware are two complementary factors which jointly determine the ICT endowment of a firm. It seems almost impossible that one of them functions without the other. We believe that there are at least three reasons which justify our result.
The first is that in Italy several laws exist [Law 64, Law 488, Law 46/82(R&D program), Law 1329/65 (Sabatini program) , Law 949/52 (SME program)] providing soft loans or grants for buying hardware together with other investment goods but several times human resources do not possess 7 Only with a wage which is insensitive to the total number of employees the marginal productivity of the last worker hired would be the same as before. skills for operating them. It is therefore frequent to see hardware which has been purchased for free with grants but is not used because there are no skills for operating it.
The second is that the same vintage of hardware investment may support different vintages of updated software (up to a certain limit). Therefore software needs more frequent renewal without which the productivity of hardware cannot be enhanced.
As a consequence of these two factors jointly considered it is likely that the positive effect on productivity is realized mainly when positive software investment indicates that the human capital is able to adopt and use the technology incorporated in the hardware and that the hardware potential is implemented with new and more powerful software.
A third explanation is represented by web hosting or housing practices. This indicates the habit of many small firms, 8 as those considered in the sample, of investing in software but not in hardware, renting a shelf in a mother company whose hardware houses the small company software. In this case the software-hardware complementarity vanishes and the software investment alone may generate productivity effects.
ICT investment and firm efficiency: a stochastic frontier approach
The empirical approach followed so far has the defect of not being rigorously microfounded. The stochastic frontier approach followed in the next section will amend this problem and test whether different types of ICT investment significantly affect the distance from the optimal production frontier in our sample. We estimate the impact of ICT investment on efficiency at firm level by using a traditional stochastic frontier approach (Battese and Coelli, 1995) . In this model the inefficiency effects are expressed as an explicit function of a vector of firm-specific variables and a random error 9
The first equation is a five input Cobb-Douglas production function and is specified as follows:
Y is the log of real output of the i th firm at time t (i=1,...,N; t=1,...,T) ; K is the log of the capital stock evaluated at the replacement cost, HSL, LSL, RM and II represent additional inputs (and are respectively the log of high skilled and low skilled workers, raw materials and intermediate inputs).
Since any industrial sector may have in principle a different production function we add to the specification m-1 intercept dummies for 20 sectors aggregated on the basis of the four digit ISTAT-ATECO classification. This solution is not completely satisfactory as industry production functions may also differ in input marginal productivities. We therefore estimate the model separately for each industry for which we have enough degrees of freedom. 10 The v it is a random variable which is assumed to be iid. N(0,σ V 2 ), and independent of the u it . The latter is a non-negative random variable which is assumed to account for technical inefficiency in production and to be independently distributed as truncation at zero of the N(m it ,σ U 2 ) distribution. Finally,
, z it is a p×1 vector of variables which may influence the efficiency of a firm and δ is an 1×p
vector of parameters to be estimated.
the customer, avoid congestion at single server location and reduce risk through physical network redundancies, the cost complexity of in-house hosting becomes untenable". 9 This approach has been widely recognised to be superior to the two-stage estimation which inconsistently assumes the independence of the inefficiency effects in the two estimation stages. The two-stage estimation procedure is unlikely to provide estimates which are as efficient as those that could be obtained using a single-stage estimation procedure. 10 Estimates with a simpler two input Cobb-Douglas production function for the overall sample with dummies accounting for differences in industry slopes have also been performed with results on the impact of ICT investment on productive efficiency which are not substantially different from those obtained with the five input aggregate and industry estimates. These additional estimates are available from the authors upon request. Battese and Coelli (1993) .
The nonzero mean residual of the production function is regressed on a series of factors which are expected to affect efficiency: We then add two dummies (OLD, YOUNG) respectively picking up the older and the younger 20 percent of sample firms. An additional control (which we expect to be positively related to productive efficiency) is represented by CSAT and CSSA, two dummies respectively picking up firms monitoring customer satisfaction and firms which created sale structures abroad.
11 INNOVAT is a dummy for firms which successfully introduced new products or processes. Finally, ICT is the average ICT investment per employee.
The model is estimated as a cross-section in which all variables are expressed as three year averages. We adopt two different specifications. In the first ICT investments are considered jointly, 11 The literature investigating the relationship between efficiency and internationalisation usually finds a two-way positive relationship between internationalisation and productivity (Aw-Hwang, 1995; Clerides-Lach-Tybout, 1998 and Becchetti-Santoro, 2000) . The variable is therefore an important control to be considered in order to avoid omitted variable biases.
while in the second they are disaggregated into software, hardware and telecommunications investment per employee.
On the whole the model seems to fit well our data and the presence of technical inefficiencies is supported by the positive and significant gamma coefficient (Table 3) .
Estimate results show that aggregate ICT investment has a positive and significant effect on firm efficiency and that software has a positive (negative) effect when individually considered.
Telecommunications investment has a weakly significant negative effect on efficiency. These findings show the existence of a symmetry between effects of ICT inputs on average labour productivity and on productive efficiency for a given level of inputs (Table A1. 2).
The effect of telecommunication investment may seem surprising at first sight. We must consider though that in our previous hypotheses we argued that telecommunications investment extends the window in which the decision to increase productive capacity may be taken and gives firms not only the opportunity to expand capacity, but also to change products and processes to satisfy consumers taste for variety. If this is true telecommunications investing firms are more likely, at any instant of time, to shift firm activity to new products or processes by paying, though, when this decision is taken, the cost of reduced productivity of labour inputs which need to be retrained because of these changes (Kyley, 1999) . This temporary negative effect should be offset by quality improvement generated by the introduction of new products and processes. If we measure the impact of telecommunication investment on measures of output not adjusted for quality the negative effect is likely to prevail.
Other controls give expected results. Firms located in the South, older firms and firms which declared to be credit rationed are significantly less efficient than average consistently with previous findings (Becchetti-Santoro, 2000) . The result on rents is consistent with all the traditional literature on the effects of competition on efficiency. 12 The hypothesis that financial pressure increases managerial discipline (Jensen, 1986 and 1988; Aghion et al., 1995) is supported by our data only in the extended specification in which ICT investment is disaggregated into its three different components. Industry estimates show that the aggregate significance of the effect of ICT investment is determined by the behaviour of some and not of all considered sectors (Table 3) . Estimates have been performed only for those industries (7 out of 19) for which we dispose of enough observations.
The ICT coefficient significantly affects productive efficiency in five industries (Mechanical materials, Mechanical Equipment, Textile, Wood and Wooden Furniture, Paper and Printing) while in the other two (Metal Products, Food and Beverages) is not significant.
Conclusions
Simple intuition from experience in various professional fields (including the academia) suggests that the increase in productivity from an improvement in software technology (more powerful word processing and printing, etc.) is positively related to the skills of the labour inputs. In the same way, an improvement in telecommunications techology (such as the opportunity of internet or intranet networking, the introduction of e-mail, e-commerce, etc.) increases the inflow of available information thereby generating a flexibility option which will make more expensive and which will delay irreversible decisions such as new investments. This option will generate at the same time the opportunity to differentiate more quickly processes and products in order to satisfy consumers' taste for variety.
We therefore expect that, at any instant of time, a firm investing in telecommunications will delay investment in additional capacity and introduce new products and processes with a higher probability.
advantage of higher efficiency under the form of cost reductions as the latter are more profitable under competition where demand elasticities are higher; iii) by leading managers to work harder in order to avoid bankruptcy which is more likely to occur in a tight market (Schmidt, 1996; Aghion-Howitt, 1996).
What we should observe therefore is an increase in the demand for skilled workers and in average labour poductivity after a software investment and an increase in capacity utilisation together with an increase in the introduction of new products and processes after a telecommunications investment.
These results open interesting directions for future research. Which is the combined effect of higher productivity and reduced investment intensity generated by the option to delay on the rate of growth ? Is the volume of high-tech investment socially optimal and, if not -considered that increased capacity utilisation must be related with a lower rate of growth of the physical capital stock and considered the positive externality of this type of investment on the rest of the economy -, which measures can be taken to reduce the incentive of high-tech firms to delay?
We think that answers may be found on fiscal and monetary policies and on the governance of financial markets and that the different ability to implement measures in these three directions is significantly affecting the capacity of different countries of translating benefits of the new economy into higher rates of growth. We estimate the model only for those industries for which we have a sufficiently high number of observations (n>70). We use a four factor production function given that low skilled and high skilled labour are highly multicollinear. A few of the other regressors included in the general model presented in tab.2 are singled out on the basis of the VIF factor (VIF>10) which measures multicollinearity with the remaining independent variables. Detailed estimate results are collected in an Appendix available from the authors upon request.
Appendix 1
To consider the impact of ICT investment on different dependent variables we formulate a comprehensive model with six types of general controls plus specific controls which may be relevant for the selected dependent variable.
The specification adopted is: where IO is the selected intermediate variable (utilisation capacity, hiring rate of skilled workers, introduction of new products or processes, net sales per employee) measured in 1997. Given the distributions of these dependent variables (see Table A .1.1) we adopt a right censored Tobit model for utilisation capacity, a left censored Tobit model for the hiring rate of skilled workers, a Logit model for the introduction of new products or processes and least squares for net sales per employee. Since dependent variables are not normally distributed (see Table A 1.1) we estimate confidence intervals for regressors coefficients with bootsrapping techniques (we adopt the percentile method with 1000 replications). In the case of the net sales per employee estimate we check whether the impact of regressors are significant not only on conditional mean but also on conditional median. Results of estimates including all controls are shown in tab A1.2.
macrosectors. The inspection of the correlation matrix shows that this choice does not create severe multicollinearity problems in the estimate. The correlation matrix is available from the authors upon request.
14 In balance sheet data the following debt items are registered: i) debt versus banks; ii) debt versus partners; iii) debt versus group; iv) debt versus suppliers -customers anticipated payments; v) bonds. Items ii) and iii) should be considered as equity more than debt, because non individual firms are often participated with a share higher than 50%. Item iv) is commercial debt more linked to operating expenses than to investment financing. We use total assets and not equity capital as a scale variable because all firms are small and medium sized, not listed in the stock exchange and most of them family owned. As a consequence, equity capital is often a symbolic balance sheet item, extremely volatile and not representative of firm's stock of total assets. 
Appendix 2 (not to be published) -Detailed results of stochastic frontier estimates at industry level)
Y is the log of real output of the i th firm at time t (i=1,...,N; t=1,...,T) ; K is the log of the capital stock evaluated at the replacement cost, L, RM and II represent additional inputs (and are respectively the log of the number of workers, raw materials and intermediate inputs Battese and Coelli (1993) .The nonzero mean residual of the production function is regressed on a series of factors which are expected to affect efficiency: 
